According to the recent data the ubiquitin-proteasome system (UPS) is implicated in the pathogenesis
Introduction. The ubiquitin-proteasome system (UPS) has been recently shown to be implicated in the pathogenesis of obesity (OB). It has been demonstrated that plasma ubiquitin and proteasome levels inversely correlated with a male body mass index in Southern Taiwan and Japanese population [1, 2] and that the proteasome dysfunction mediated the obesity-induced endoplasmic reticulum stress and insulin resistance in the liver [3] . A significant association was found between genetic variants of the PSMD9 gene and obesity-associated phenotypes in Italians [4] . The mutation in the PSMB8 gene has been reported to be associated with the autoinflammatory syndrome with lipodystrophy in Japanese [5] . Earlier we have detected the association of the PSMA3 gene polymorphisms with susceptibility to obesity in Latvian children [6] .
The current study was aimed to elucidate whether the single nucleotide polymorphisms (SNPs) of the PSMB5 (rs11543947) and PSMC6 (rs2295826 and rs2295827) genes are associated with the children obesity in the Latvian population.
Materials and methods. Case/control groups (94 obese children and 191 controls, respectively) were described previously [6, 7] . The rs2295826 and rs2295827 genotyping data for controls were extracted from Sjakste et al. [7] and used in current study for the association analysis. The study was approved by the Central Medical Ethics Commission of the Latvian Ministry of Health.
The PSMB5 (rs11543947) and PSMC6 (rs2295826, rs2295827) genotyping procedures and analysis of amplified and digested products were the same as published previously [7, 8] .
Single loci (SLGs) and multi locus rs11543947/ rs2295826-rs2295827 genotypes and alleles' frequencies were estimated by direct gene counting. The deviations from the Hardy-Weinberg equilibrium and association/correlation analyses were tested by the c 2 test (allele, multi-loci genotype frequencies, recessive and dominant, over dominant and multiplicative models) using PAST (version 3.03) software for Windows [9] . Only 2 < OR < 0.5 was considered to be clinically significant. DnaSP version 5 (http://www.ub.es/dnasp, [10] ) was used to reconstruct the haplotypes from un-phased genotypes, and to evaluate the nucleotide and haplotype genetic diversity and pairwise linkage disequilibrium (LD) between the loci (D' and r 2 ). Stratification was performed by the sex and obesity family history.
Results and discussion. In both cases and controls genotyping call rate was 100 %. Homozygotes on common alleles for all loci were observed more frequently in controls than obese patients (more than 80 % and less than 70 %, respectively) and the tendencies were similar in children with and without family history (Table) . The dominant and multiplicative models [11] were the most informative to reveal OB susceptible genotypes and alleles, respectively.
The rs11543947 heterozygous genotype showed a modest (P < 0.01) association with OB risk in total group and in children with familial OB. A rare T allele was observed more frequently (P < 0.05) in both these groups than in controls. The rs2295826 and rs2295827 loci alleles in OB patients were found to be in full linkage (D' = = 1; r 2 = 1), as it was previously reported for Latvian controls [7] . These loci heterozygous genotypes were found to be in association (P < 0.01) with OB and familial OB groups. Rare alleles manifested nominal association with the disease (P < 0.05).
The family background was found to be an obesity risk factor (OR = 1.86 for mother; OR = 2.98 for siblings) among Chinese male youths [12] . A significant difference (p < 0.01) was observed between the subjects having the obesity family history and non-obese controls in rs2348071 heterozygous genotype frequencies at the PSMA3 locus [6] . Bennet et al. have shown [13] that a greater predisposition to diabetes in Middle Eastern immigrants may be explained by a more extensive family history of the disorder.
In the current association study an interaction between sexes and familial obesity was revealed. The rs11543947 risk CT genotype and rare T allele were found more frequently in males with family obesity (P < 0.05) and in females without family history (P < 0.01). The rs2295826 and rs2295827 heterozygous genotypes and minor alleles were associated (P < 0.01 and P < 0.05, respectively) with all OB subgroups in males.
Sex specific differences in incidence and severity are also well known features for epidemiology of obesity. The sex-influenced association of obesity with genetic variations at the LYPLAL1 locus, which encodes a lipase/esterase expressed in adipose tissue was suggested [14] . Seven new loci exhibited marked sexual dimorphism with a stronger effect on weight-hip ratio in women than men (P for sex difference < 0.05 to P < 0.0001) [15] .
Thus, our data on the importance of interactions between the family history and sex for susceptibility for childhood obesity confirm the previous reports. Obviously having in our disposition a collection of a relatively small number of samples we can't reach high statistical reliability of results. The small number of subjects and the wide range of values (reflected by large standard deviation) precluded reliable statistical confirmation of this admission. However, even a study with small subject number reveals the trend on the association of the disease and can predict the common trends of association also for larger sample groups collected in larger populations.
The rs11543947/rs2295826-rs2295827 three locus genotype heterozygous at all the loci involved was found about four times more frequently in OB patients than in controls (about 3 and 13 %, respectively) and showed to be OB susceptible (P < 0.001). The multi locus T/G-T haplotype represented by rare alleles of the studied loci was more frequent (P = 0.0001) in obese children when compared to controls (0.5 and 6 %, respectively).
Susceptibility of genes encoding proteasome subunits to the immunity related disorders was studied previously in Latvians. The rs1048990 (PSMA6), rs2295826 and rs2295827 (PSMC6), rs2348071 (PSMA3) were found to be associated with susceptibility to bronchial asthma [16] . The rs2277460 (PSMA6), rs2295826 and rs2295827 (PSMC6) and rs2348071 (PSMA3) manifested association with juvenile idiopathic arthritis [8] . The rs2348071 (PSMA3) was found to be associated with multiple sclerosis [17] and childhood obesity [6] .
Obesity in the young characterized by visceral fat accumulation has been shown to be a major risk factor for adult-onset type 2 diabetes mellitus [18, 19] , therefore, we cannot exclude in our cases a possibility of the development of diabetes in adult age. N o t e. OB patients were represented by 59 children with obesity family history, 32 children without family history and there were no data on familial history of obesity in 3 cases. Abbreviations: OB -Obesity; FH -obesity with family history; NFH -obesity without family history. *Alleles and genotypes frequencies of the rs2295826 and rs2295827 were found in full linkage. L1/L2-L3 corresponds to the rs11543947 and rs2295826-rs2295827 loci respectively. 
Conclusions. The genetic variation of PSMB5
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